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RIASSUNTO 
 
Questo studio si inserisce in un più ampio programma di ricerca, volto ad 
approffondire le conoscenze sulle caratteristiche ecologiche che contraddistinguono le 
zone di ghiaccio marginale nel Mare di Ross (Antartide) ed ha lo scopo di portare ad 
una migliore valutazione del contributo di queste zone in termini di produzione primaria 
“nuova” e “rigenerata” (Dugdale & Goering, 1967). I dati che verranno presentati sono 
stati raccolti durante la prima fase della Spedizione Italiana in Antartide 1994-95 e si 
riferiscono ad un transetto disposto lungo il 175° Meridiano Est e percorso nei mesi di 
novembre-dicembre 1994. 
Le stime di produzione nuova e rigenerata sono state ottenute in base a misure di 
assimilazione di nitrato e ammonio secondo le metodiche descritte da Owens ( 1988) e 
nei Protocolli JGOFS (1994). Per determinare l'effetto dei parametri abiotici sulla 
componente biotica del sistema, considerata in termini di produzione nuova e rigenerata, 
è stato considerato l'andamento della salinità, del nitrato e dell'ammonio disciolti nella 
zona eufotica, in relazione ai dati di assimilazione di azoto. Il confronto tra la situazione, 
riscontrata durante la primavera 1994 nel Mare di Ross e altre situazioni descritte per 
diversi ecosistemi antartici e per ambienti di latitudini intermedie evidenzia l'importante 
contributo, in termini di produzione primaria nuova, delle zone di ghiaccio marginale. 
 
 
1. INTRODUCTION 
 
This study is part of a wider research program aimed to provide a better 
understanding of the ecological features which characterize the Marginal Ice Zones 
(MIZ) in the Ross Sea and intends to contribute to a more accurate evaluation of the 
importance of this particular environment in the contest of global production in terms of 
“new” and “regenerated” production (Dugdale & Goering, 1967). 
The overall abundance of macronutrients suggests that the Antarctic marine 
ecosystem has the potential for intense phytoplankton blooms and, besides, different     
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factors, among which consistent biomass at higher trophic levels, conspicuous deposits 
of biogenic silica and data provided by satellite (Comiso J.C. et al., 1990), indicate that 
the Southern Ocean is a site of enhanced primary production. In spite of these indirect 
evidences, most direct C incorporation measurements indicate low productivity rates, 
with values more similar to oligotrophic regions (Holm-Hansen et al., 1977; El-Sayed, 
1978; Nelson & Smith, 1986; 1991). Furthermore, bloom events seem to be extremely 
limited in space and time and strongly associated with waters adiacient to receding ice-
edges such as the MIZ (Jennings et al., 1984; Smith & Nelson, 1985, 1990; Wilson et 
al., 1986; Nelson & Smith, 1991; Bury et al., 1995), due to the combined effects of 
increased-vertical stability and of the release of epontic organisms which can act as an 
“inoculum” to promote the bloom (Catalano et al., 1992; Lancelot et al., 1993; Spindler 
& Dieckmann, 1994; Wadhans, 1994). It has been observed, in fact, that where ice 
melting produces vertical stabilization of an upper layer so that mixing depth shoals 
above critical depth (Svedrup, 1953; Nelson & Smith, 1991), large phytoplankton 
blooms can develop and provide a quantitatively important contribution to the Southern 
Ocean productivity budget (Jennings et al., 1984; Nelson & Smith, 1986). In this 
context this study aims to assess the importance of the MIZ in the Ross Sea on the 
Southern Ocean productivity with particular focus on the contribution of "new 
production" sensu Dugdale & Goering (1967), that is in terms of new energy input into 
the System to promote production at higher trophic levels (Eppley & Peterson, 1979; 
Platt et al., 1992). According to Dugdale & Goering (1967), "new production", based on 
allochtonous nitrogen forms, mainly NO3, represents the exportable biomass which 
sustains secondary production (Platt et al., 1992), whereas “regenerated production” 
relies on autochtonous nitrogen sources, such as ammonia, formed during methabolic 
processes (Waldron et al., 1995) and cannot generate a net increase in ecosystem 
biomass (Nelson & Smith, 1986). The contribution of new to total production, generally 
expressed by/(the ratio between new and total production, Eppley & Peterson, 1979), 
allows the assessment of the capability of a region to sustain secondary production and, 
moreover, it is considered an important index in interpreting the developmental stage of 
a phytoplankton bloom in the MIZ (Waldron et al., 1995), in fact, it has been generally 
observed that the bloom temporal development is characterized by high f-ratio at the 
beginning of the season as production is initially NO3 driven (Jacques, 1991; Goeyens et 
al., 1991; 1995; Tréguer& Jacques, 1992; Waldron et al., 1995). 
During this cruise we closely followed ice retreat in order to monitor bloom 
evolution during ice-melting according to measurements of “new” and “recycled” 
nitrogen assimilation. 
 
2. MATERIALS AND METHODS 
 
This study was carried out during the 1994/95 Italian Antarctic Expedition on 
board R/V “Italica” in the Ross Sea (Fig. 1) from November 14 to December 15, 1994. 
Sampling for physical and chemical parameters was carried out at 29 stations 
proceeding along the 175° Meridian E from Latitude 76° to 71° South, following the 
northward ice retreat. Biological activity discussed in this paper refers to the stations     
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presented in fig. 1. Nitrogen uptake rates were determined with tracer experiments 
according to Dugdale & Goering (1967), using the stable isotope 15N, following the 
JGOFS Protocols (1994) and the analytical procedures described by Owens (1988) and 
Owens &Rees( 1989). 
 
 
 
Samples for productivity incubations were obtained with a CTD rosette fitted with 
24Niskin bottles from depths corresponding to 100, 50, 20, 10, 5, 1 and, in some cases 
0.1%, PAR penetration. For each depth two subsamples were transferred to one liter 
Nalgene polycarbonate bottles spiked with, respectively, Na15NO3 99.9 atom % and 
I5NH4Cl 70.4 atom %, placed in on-deck incubators maintained at sea-surface 
temperature with running seawater and covered with neutral density perforated nickel 
screens to mimic the in situ irradiance conditions. After 24 h incubation, samples were 
filtered through pre-combusted Whatman GF/F filters, rinsed with filtered seawater and 
stored frozen until isotope analysis performed by continuous flow nitrogen analyser-     
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mass spectrometer (ANCA 20-20 MS, Europa Scientific), which allowed simultaneous 
determination of particulate nitrogen (PN) and isotope enrichment. Absolute nitrogen 
uptake and f-ratio were calculated, according to  JGOFS Protocols (1994)  and  Eppley  & 
Peterson (1979), as follows: 
where QN is absolute nitrogen uptake in µmol·m-3·d-1, PN is 
particulate nitrogen at the end of incubation, l5Nexc is the 
atom % enrichment of the particulate after incubation, 15Nenr 
is atom% enrichment of the dissolved phase and T is 
incubation lime. 
Where QNO3 and QNH4 are, respectively, NO3 and NH4        
absolute uptake rates. 
 
 
3. RESULTS 
 
In order to understand the role of the main environmental variables on 
phytoplankton bloom in the MIZ, the vertical distribution of salinity and nutrient 
concentration in the euphotic layer, down to the depth corresponding to 0.1% PAR 
penetration, was considered in relation to the biological data of phytoplankton nutrient 
uptake. 
 
3.1. Abiological parameters 
We considered the distribution of salinity as an index of ice-melting extent and as 
a factor for water column stabilization. Salinity presented a relatively homogeneous 
situation (Fig. 2) with little or no evident vertical stratification, except for station 11 
where a weak surface decrease was observed. 
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In terms of water column stabilization, this surface decrease had a minor effect, as 
revealed by the low vertical stability index (0.004 m-1), calculated according to 
Steinhorn (1985) and compared to situations encountered during previous cruises in the 
same area (Tab. 1 ), when a sharper haline stratification was revealed. 
 
Tab. 1 - Stability index calculated according to Steinhorn (1985): comparison between different situations 
in the Ross Sea. The values reported are the highest calculated during each cruise and expressed in: m-1. 
 
This comparison suggests that stabilization of an upper layer, prerequisite for 
bloom initiation and its development (Dugdale & Wilkerson, 1991) had not yet taken 
place at the lime of the Italica cruise. 
As far as nutrient concentration is concerned, we will present here the distribution 
of NO3 and NH4 from the surface to the depth corresponding to 0.1 % PAR, which, in 
this environment, is considered as the lower limit of the euphotic layer due to photo-
adaptation of polar phytoplankton to lower light availability (Saggiomo, pers. com). 
NO3 generally presented a homogeneous distribution with high concentration (> 28 µM) 
from the surface to the bottom of the euphotic layer (Fig. 3), a weak decrease was 
observable only in the southern stations, from st. 8 to st. 12, the lowest value being 24.7 
µM in the surface at station 10, and this might indicate the onset of biological uptake 
processes. 
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A similar homogeneous pattern was also shown by NH4, but in that case the 
concentration was generally low through the euphotic layer, apart from stations 11, 12, 
16 and 17 where a certain ammonium accumulation was observed, with the highest 
value of 0.47 µM reported for station 17 at 6 meter depth (Fig. 4). 
 
 
Therefore, from the general homogeneity revealed by the abiotic parameters and 
from the high NO3 and low NH4 concentrations, it seems that the conditions favourable 
for bloom initiation had not yet been established. 
 
3.2. Biological parameters 
If we now consider the effect of physico-chemical parameters on the biological 
component of the ecosystem in terms of primary production estimated from nitrogen 
uptake, we can clearly distinguish two situations, revealed also by the profile of the 1% 
PAR penetration. Fig. 5 shows the profile of the depth corresponding to 1% and 0.1% 
PAR penetration, superimposed on the pattern of absolute NO3 uptake (QNO3) 
expressed in µmol · m-3 · d-1. In the southern stations 1% PAR lied between 25-30 
meters, while it dropped abruptly at st. 12 below 60 meters. In terms of phytoplankton 
nutrient uptake, up to stations 11, NO3 uptake was elevated, the daily uptake values 
exceeded 50 µmol·m-3·d-1, with a column integrated average of 4.9 mmol·m-2·d-1 and 
with the highest rates at station 6. The northern stations, on the other hand, exhibited 
quite low QNO3, with a column integrated average of 0.9 mmol·m-2·d-1. The highest 
values usually occurred in subsurface layers, at depth corresponding to 50-30% PAR, 
and in many stations (MPA, 4, 6, 8) uptake rates at 1% PAR were higher than surface 
values, suggesting a possible photo-adaptation of Antarctic phytoplankton in spring to 
lower light intensities. 
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The same trend was evident also for absolute NH4 uptake (QNH4), in fact, the 
uptake profile separated the southern stations with QNH4 greater than 40 mmol·m-2·d-1 
from the northern, far less productive stations; in quantitative terms, regenerated 
nitrogen assimilation (Fig. 6) was lower than nitrate, the highest QNH4 were measured 
from station MPA to 12 with a column integrated average of 2.0 mmol·m-2·d-1. 
 
 
From these data on nitrogen uptake, we can desume that the bloom had just 
initiated in the southern part of the transect and was developing toward the North, 
therefore, we will regard as the “bloom zone” the area between station MPA and 11. 
To quantity the importance of newly available nitrogen on phytoplankton 
production, we have estimated the fractional contribution of nitrate to total nitrogen      
.. 
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nutrition, considered as the sum of nitrate and ammonia assimilation, expressed in terms 
of f-ratio. Our data reveal a general predominance of "new" vs “regenerated” 
production, which was particularly important in the stations within the “bloom zone” 
which had a column average value of 0.72, while, considering the whole data set, the 
transect average was 0.64. Therefore, we conclude that, in that particular temporal 
situation the contribution in terms of new production of the MIZ in the Ross Sea had 
been very high. 
 
4. DISCUSSION AND CONCLUSIONS 
 
In order to approach the aim of this study on the importance of MIZ 
phytoplankton bloom in relation to Antarctic primary production, we compared our 
estimates of QNO3, QNH4 and f with other data related to the Antarctic ecosystem and 
to environments of intermediate latitudes. The comparisons are summarized in the 
following tables. 
 
 
 
Our average nitrogen uptake rates integrated from the surface to 1% PAR 
penetration (in mmol-m'^cT1) within the bloom (stations MPA - 11) are compared with 
data from the MIZ in the Scotia and Weddell seas. Our estimates of QNO3 are close to 
those reported for the MIZ in other seas (Tab. 2); QNH4, on the other hand, appears 
slightly lower, resulting, as a consequence, in a higher f-ratio, which seems typical of an 
early bloom, mainly driven by NO3 which was not consumed as, lacking a stable 
picnocline, it was continuously replenished from the bottom layer. From this 
comparison, however, it is remarkable that, in all cases, the MIZ in spring present a 
general predominance of new production, particularly important in the situation we 
encountered. 
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In respect to the summer situation, the spring values we calculated are similar to 
those reported for open waters described by Nelson & Smith (1986) and by Olson 
(1980) (Tab. 3), although in the last case production is mainly based on NH4 (f = 0.40). 
On the other hand, in respect to the summer situation reported for the MIZ by Nelson & 
Smith (1986) our data are quite lower, suggesting that the weak water column 
stabilization we encountered acted as one of the possible limiting factors on bloom 
development. The highest f-ratio we obtained might confirm that we encountered 
theinitial phase of the bloom; in fact, it is a general view that high f-:ratios predominate 
during early spring and values decrease as season progresses (Jacques,1991 ;Goeyens & 
Dehairs, 1993; Goeyens et al, 1995), therefore, later in time, the quantitative importance 
of our bloom might have increased. 
 
 
 
In comparison with the Permanently Open Ocean Zones (POOZ), the MIZ in the 
Ross Sea present a higher importance of new production, both in relative terms (f = 
0.72) and in absolute value (QNO3 4.9 mmol·m-2·d-1). The POOZ exhibit low N-uptake 
rates with prevailing NH4-based production expecially in the situation described by 
Waldron et al. (1995) for the Bellingshausen Sea in Spring (Tab. 4); for Open Ocean 
environments, in fact, there is no evidence, whether direct or indirect, of a real spring 
bloom (Jacques, 1991) which may lead to a consistent biomass build-up. On the other 
hand, the Polar Front Zones (PFZ) show a moderate importance of new production (f = 
0.63), but a quantitative high QNO3 which confirms that this sub-system is relatively 
productive compared with the rest of the Southern Ocean (Tréguer & Jacques, 1992). 
In a global perspective, comparing column average QNO3 available for different 
regions, Antarctic environments seem similar to moderately eutrophic areas such as N -
W Africa upwelling regions (Dugdale, 1985) and, to a certain extent, associated to High 
Nutrient Low Clorophyll (HNLC) areas (Minas et al., 1986), where, like in the Southern 
Ocean, even in presence of high nutrient concentrations, primary production remains 
limited in respect to its potential and build-up of biomass is not directly correlated with 
nutrient availability (Goeyens et al., 1995). On the other hand, f-ratio calculated during 
our cruise distinguishes the Ross MIZ in spring from HNLC areas, where regenerated 
nitrogen plays a relevant role, and clearly ascribes the situation we encountered to 
eutrophic systems which provide quite an important contribution to "new" primary 
production (Tab. 5). 
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In conclusion, on the basis of the results obtained during the 1994/95 Italian 
Antarctic Expedition and from the comparisons just analysed, we can derive that MIZ in 
spring represent an important site of new production which can then support the 
observed elevated stocks at higher trophic levels (Ainley et al., 1986) and that, in a 
global perspective, Antarctic areas play a relevant role on primary production. 
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